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MEDICAL DEVICE WITH MAGNETIC 
RESONANCE VISIBILITY ENHANCING STRUCTURE 
, . v - . J?I CK 

i * Sevices 
for use in vascular treatments. Mors u arb the 

present invention relates to devices used in vascular 
treatments that incorporate a magnetic resonance 
visibility enhancing structure, the devices being 
adapted fcr use in magnetic resonance imaging.: 

Vascular stents are known medical devices used in 
various vascular treatments' of patients. Stents 
commonly include a tubular member that is moveable from 
a collapsed, low profile, delivery configuration to an 
expanded, deployed configuration. In the expanded 
configuration, an outer periphery of the stent 
fractionally engages an inner periphery of a lumen. The 
deployed stent then maintains the lumen such that it is 
i Hi t ecli ton and * thes - is • 

substantially -unrestricted. However, various stent 
designs render the stent substantially invisible during 
a Magnetic Res u\n vagir-g ^ n 

Magnetic Resonance Imaging (MRI) is a non-invasive 
thar utii 

to produce a picture of the inside of a body. Jul MRI 
scanner is capable of producing pictures of the inside 
of a body without exposing the body to ionising 
radiation (X-rays; , In addition, mi scans can see 
-„,...-: - - T -„a^o, o: a „ ^ 
1 s ;ue; . 
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-A typical MR I scanner includes a magnet. ~-hst.. is 
utilized to sreate a nt.m re 

A patient, is placed into ox proximate the magnet:. The 
msarnesic field causes a small majority ci the atoms 
with a net magnetic moment,, also referred to as spin, 

at the pat lent 'a body, 
atoms pre e magnet:! £ield « th a fx raene] 

_i u t -3 r ow jvo" 

energy, which causes them co "tumble over" and align in 
the opposite direction of the magnetic field. The 
frequency at. which atoms with a net spin preeess in a 
magnetic field is also referred to as . the L&rmor 
frequency. The apposing alignment is at a higher energy 
level compared to the original, orientation. Therefore, 
after removing the radiowave, atoms will return to the 
lower energetic state. As the atoms return to the lower 
energetic state, a radio signal is sent at the Lamor 
freqaency. These retxim radio waves create signals 
•resonance signals) that are detected by the scanner at 
numerous angles around the patient : s body. The signals 
are sent to a computer that processes the information 
and compiles an image or images. Typically, although 
not: necessarily, the images are in the forji? ox 2- 
dimensional "slice* images. 

" ~o ( 1_ ^ i ~ a 

stent during an MRI procedure is desirable. In 

and pro a 

iiibuiar member of a stent may be desirable both during 



Df the 

patient. However, various current stent das 



re. £5 on ig 2 " i ;s i parted 

various structures are utilised to enhance visibility 
proximate and inside ox a tubular member of a stent . 
In one particular embodiment, the stent does not 
contain electrically- conductive loopy. In another 
embodiment , ring portions in the stent are arranged 
each that current in one ring portion is opposed .hy 
current in another connected ring portion. 

~ k ~v_ _ 1 

FIG. X is a partial block diagram of an 
t ra - - v 1 e imaging system 

FIG. 2 is an illustration of a coil in a changing 
Magnetic field. 

FIG. 3A is a side perspective view of a stent. 
FIG :;H : > „ - - 1 th er uc 

illustrated in FIG. 3A. 

& an alternative d)odh:s;ent c f; tioa 



unio^-Ced. 
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FIG. 5 is a top view of a stent: that has been 
unfolded . 

FIG. SA is a side perspective view of a stent. 

stent illustrated in FIG. SA. 

FIG, 7 is an illustration of two connected ring 
portions . 

FIG, 8 is a perspective view of a stent having 
pp 3 poi tions . 

stive view of an alternativ 
embodiment of a stent, having Electrically opposed 
rings . 

PIG. SB is a portion of the stent in FIG, 9%. 
' 1 " ".r T f f >.v>\" f ont^, 

FIG, 1 is a partial block diagram of an. 
illustrative magnetic resonance imaging system. In FIG. 
1, subject 100 on support table 110 is placed in a 
homogeneous magnetic field generated by magnetic field 
generator 120, Magnetic field generator 120 typically 
comprises a cylindrical magnet adapted to receive 
subject 100. Magnetic field gradient generator 130 
creates magnetic field gradients of predetermined 
strength in three mutually orthogonal directions at 
prede -r^ es vtagn tic fi 

13 0 is illustratively comprised of a est of cylindrical 
coils concentrically positioned within magnetic field 
generator 120.. A region of subject 100 into which a 
device 150, shown as a stone, has been inserted, is 
I sated irt the > - i sal sot 10D 



R? source 14 0 radiates pulsed radio 'frequency 
energy into subject 100 and stent 150 at predetermined 
times and with sufficient power at a predetermined 
frequency to influence nuclear magnetic spins in a 
fashion known to. those skilled in. the art. The 
t <= - n c=-- - * the 

Larmor frequency. The Larmor frequency for each, spin is 
directly proportional to the absolute value of the 

strength is the sum of the static magnetic field 
- r~e_u g - ocai 
field generated by magnetic field gradient generator 
130, in an illustrative embodiment, RP source 140 is a 
cylindrical external coil that surrounds the region of 
interest of subject 100. Such an external coil can have 
a ; diameter sufficient to encompass the entire subject 
XOC. Other geometries, such as smaller cylinders 
specifically designed for imaging the head or an 
extremity can be used instead. Non-cylindrical external 
coils such as surface coils may alternatively be used, 

External RP receiver 160 illustratively detects RF 
signals emitted by the sub jeer, in response to the radio 
frequency field created by RF source 14 0. In an 
, ii one, external RF receiver ISO is a 
cylindrical external coil that surrounds the region of 
interest of subject 100. Such an external coil can have 
a diameter sufficient to encompass the entire subject 
100. Other geometries, such as smaller cylinders 
specifically designed for imaging the head or an 



extremity can be used instead- Non-cylindrical external 
coils, such as surface coils, may alternatively be 

its structure with RF source 140 or can have a 
structure entirely independent of RF source 14 0. The 
region of sensitivity of RF receiver 160 is larger than 

subject 100 or a specific region of subject 100. The RF 
signals, detected by external RF receiver 100 are sent 
to imaging and tracking controller unit " where they 
are analysed. Controller 170 displays signals received 
by RF receiver ISO on visual display 130, 

Establishing a homogenous,, or uniform, magnetic 
field with magnetic field: generator 120 in addition to 
switched linear gradient magnetic, fields activated in 
various sequences as well as timely switching the RF 
xadiowave in various sequences, as known in the art, 
enables the production of interna!! images of subject 
100. It is common that the magnetic field surrounding 
stent 150 is distorted, which causes distortion of 

t t -c <-e -tent 1SQ -n's* b t 

devices iiic use tern- vd.il 

generally distort magnetic fields. For example, it is 
coalmen for the material and structtire of stent 150 to 
affect the magnetic field around stent 150, Such 
effects reduce the influence ehae -c field 
generator 120,. gradient generator 130 and EF source 140 
i the ~ eeo magn tic pi subject a" In 

particular, the spins inside a tubular member of a 
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stent' are courtly not. excited during an MS I and thus 
no image is detected. 

reduce this distortion. Such materials include, by way 

rties, tnd etnas ion-fe.i cot 1 i 
of son- ferromagnetic materials 
can also be utilized without departing from the scope 
of the present invention. Another effect that croranpnly 
distorts the magnetic field around an intravascular 
device is associated with Faraday's Law, Faraday's Law 
simply states that any change in a magnetic environment 
of a coil will cause a voltage (emf ) to be "induced* in 
the coil. Stent 130 can act as a coil when implanted in 
a subject during an MR I process. The change in magnetic 
environment is caused either by stent ISO moving within 
a Tsagnetic field, or by changes in the magnetic field 
proKismate stent ISO, For example , stent 150 may move 
due to the heart beating or magnetic field changes may 
be induced by gradient generator 13 G or RF Source 14 0. 

According to Faraday's Law, the induced emf in a 
coil is equal to the negative of the rate of change of 
magnetic flux through she coil times the number of 



induced magnetic field inside any loop of wire aces to 
keep the magnetic flux insi.de the loop constant . 

k ~ s efre :o 200 

202, The magnetic field is represented by a 'vector 3. 
Any * c ■ f. d 3 rein re pre as 

AB , causes a current, represented as arrow 204 , to be 
produced in coil 200. Current 204 causes a magnetic 
field 'B s to be xnd-aeed, which opposes the change AB . 

When attempting to produce an linage of stent ISO 
inside subject 10 0, the stent acts as a coil or, 
depending on the structure of the . stent , as multiple 
coils. During various phases of an ME I process to 
influence the nuclear spins, a change in the magnetic 
field inside tha stent gen rat 2. 

gradient generator 130 may generate a pulse in order to 
influence spins to be analysed by controller 170. The 
gradient generator 130 thus changes the magnetic field 
and , - — e ::eld proximate 

the stent is opposed by Faraday's Law. As a result, 
stent are not excites and images of 
the stent show a lack of signal. 

In order to reduce the effect of Faraday's Law on 

made in accordance with embodiments of the present 

electrical loops within a stent structure is avoided. 
In yet another t a structure is used wherein 

current moving in one direction is opposed by a 
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pars! lei. currant moving in the opposite direction. 
Using these designs, the visibility of a stent during 
an MR1 process is enhanced. 

Stent 320 is illustrated in FIG. 3A according to 
one « fx dissent ol 

,x»c?lu3es a plurality of bands or rings 322 wrapped 
around a central axis 323 to form a generally tubular 
structure 321,, Rings 32 2 can be rate of a material that 
is i~y ro * 

flexible to allow bending or tubular structure 321. The 
flaxibiiity of tubular structure; 321 allows stent 320 
to be placed in various lumens of different shapes and 
sices. Rings 322 fractionally engage an inner periphery 
of a lumen when . tubular structure 321 is open to allow 
fluid flow therethrough. ..Each of the rings 322 extend 
axial ly from a first end 324 of the stent 320 to a 
second end 32 S of the stent 320 and terminate at each 
the formation of electrical loops. 
Jta insulating material has beer; applied to each of 
rings 322 prior to assembly of the tubular structure 
321. The insulating material could be applied to rings 
322 in ' various ways- such as coating and depositing, 
for example. Thus, each of the rings 322 is spaced 
apart from the others by the insulating material. 
Accordingly ; each of the rings 322 is electrically 
insulated from each other ring in order to prevent 

cc : _ oop from forming in tubular st; -crura 12 
various insulating materials may be used including, as 
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examples, polymeric sited aex vie ateria As 
appreciated by those skilled in the art, other stent 
structures such as tnesh or woven structure,;!; may also be 

As illustrated, various rings 322 of tubular 
structure 321 intersect at an angle to form a braided 

an angle, FIG. 3B illustrates; a cross section of an 
intersection between rings 328 and 330. At the point of 
1 1. - * n u .. o ' - 1 f <r < ~ ug „i 328 

engages insulating material 334 coating ring 330. Thus, 
rings 328 and 330 are electrically insulated from each 
other and spaced apart by their respective insulating 
materials . 

It will be appreciated that not all of the rings 
in a stent need to be coated with an insulating 
material. The insulating material is only needed to 
prevent any electrically conducting loops. For example, 
coating may be applied to only one of the rings- .at an 
intersection point with another ring. Additionally, 
intersecting rings may be made of differing materials, 
such as ring 328 being electrically conductive and ring 
330 made of an insulating tcaterial. FIG. 3C illustrates 
an intersection point wherein a ring 330 contacts 
insulating material 332 coated over ring 323. Ring 330 
does _ < ^ - a of 

insulating material needs only to be present, at the 
ctersection uid my £>o applied i - - 1 to or 
I ns o< lx- < 



a hoe' :v.b.r r> tube. ::o:oorised of poly!; a era finer ciuyjeae 
i PTFE) is used to coat one of the rings- It will 
further be appreciated that the coating does not have 
to encompass the total circumference of the ring, but 
onlv a section of the ring in order to avoid electrical 
contact between, two rings. For example, a flat wire may 

another ring. 

portion of a stent 340 according to an alternative 
e&hqdiment of the present invention. Rings 342, 344 and 
MS extend socially along stent 340. Each of the rings* 
342,. 344 and 346. are zigsag in shape and meet at 
various intersection points . Rings 342 and 346 are 
coated with an insulating material. In another 
embodiment, rings 342 and 346 are made of a ceramic or 
polymeric material . As illustrated in FIG. 4B, at a 
point of intersection between ring 342 and 344, a 
suitable connector 348 may be used. Connector 34 8 way 
be a ring or a tube that holds rings 342 and 344 
together .. 

FIG. 5 illustrates an • unfolded plan view of a 
stent 350 according to another embodiment of the 
present invention. Stent 350, when wrapped around a 
central axis 352, forms a generally tubular structure. 
Stent 350 includes an undulating ring 354 formed of s 
plurality of peaks 356 and troughs 358. If desired, 
• ring 354 may be coated with an insulating material. 
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ss«d- circular elements that support a greater surface 
area of a lumen. Other types of patterns -may also be 

- * or> ~~ a _ -ad prevent the 

^ > A »3 trieal loops wi bin tubular member 

351. 

Also, ring 354 is wound such that a plurality of 
rows 366 are formed in tubular member 351- In order to 
enhance the structural integrity of stent 350, 
connectors 364 are provided between rows 366 of ring 
354;. In order to prevent electrical loops from forming 
in tubular member 351, the connectors 364 are 
illustratively made of an insulating material, such as 
a polymer or a ceramic. Alternatively, connector 364 
may be a metal wire coated with an- insulating material 
and connected between rows 366 so as to not make an 
electrical connection with ring 354, 

in some instances, a radiopaque material is used 
on stents in order to enhance their visibility under x- 
ray procedures. Typically, a radiopaque metallic layer 
is applied to stents made of various polymers or 
ceramics that are non- radiopaque . The radiopaque layer 
typically distorts magnetic resonance images as 
discussed earlier. In order to prevent the formation of 
electrical loops in the radiopaque layer , a stent 370 
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?e: oe * 37? t ac^ 1 cC 3 « 

it. ~ o . _i _ i - -„" J -^<. a 

polymeric ^ c ~ :ei itaic rial, is ased 

portions of a radiopaque layer to prevent electrical 
loops fro™, being formed within the stent, 

FIG. SB illustrates a cross section of a portion 

i < v ? i 6 if i- tent i FIG SA. A base layer 370 
is t - y r ceramic i t y al The 

radiopaque layer 378 is then applied to the polymer or 
ceramic connector. However, gaps 3 80 in the radiopaque 
layer may bo 'wafts such that a polymer or ceramic top 
layer 382 can coat the radiopaque layer 378 and. prevent 
any connections- between, portions of the radiopaque 
layer 378 by filling gaps 380 with insulating material , 
Thus, portions of the radiopaque layer 378 are spaced 
apart from each other by the insulating . material in 
gaps 380, Gaps 380 can be made in the radiopaque layer 
by a masking procedure during a coating process or by 
laser ablation after the radiopaque layer has been 
deposited, ' Illustratively, each of the plurality of 
coil -shaped members includes at least one gap 3 80 
formed in radiopaque layer 378, the gap being filled 
with insulating material . 

? at i = fc 5 j -to - n 

* -c- ct : s:o' on, r_t 1 - - test 

a current in one direction is counteracted by a current 
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second ring pc-.i. ion 4 04 including spaced apart sods 405 

Each of tiie ring portions ir< mnectad p sad 
other via connectors 408 and 410, Connector 408 
connects end 401 of ring portion 4 GO to end 40S of ring 
portion 404. Connector 41.0: connects end 402 of ring 

Collectively, ring portions 400 and 404 are connected 
together to form a ring 421 having a gap 412 along, a- 
periphery of the ring 411. 

Accordingly, when ring portions 400 and 404 are 
subject to a changing magnetic field represented as 
AS , current flowing in each of the ring portions 400 
and 4 04 will be opposed, which is represented by arrows 
414 and 416. This allows spins, for example spin 418, 
to 'be excited by RF source 140 and .gradient generator 
130. When used in a stent, a plurality of rings similar 
to ring 411 allows spins inside a tubular member of the 
8 tent to be excited, 

FIG . 8 illustrates a plurality of rings 411 
connected together in a stent 420, The rings 411 
include ring portions 400 and 404 as previously 
described. The ring portions 4G0 and 404 have spaced 
apart ends 401, 402 and 405, 40S, respectively. 
Ccd'e-t very the ring pernors of tigs < 1". define 



stent;. In cue embodiment , at least one of , the gaps 412 
is paced adiaii z t < 1 a of the < 

Other emKr — £ -de-i: ^ -w ^ " 

rings nay be For example, a stent as shown in 

FIO. may be used in magnetic resonance imaging. 

Since each of the currents generated in the rings are 
offset by a corresponding opposite current, the inside 
of the stent is visible during magnetic resonance 
imaging from various angles . Stent 450 includes a 
plurality of rings 452 similar to ring 411 illustrated 
in FIG. 7. Each of the rings 452 has a corresponding 
gap 4S4 along a periphery of the stent 4 30 in an axial 
direction with respect to ' central axis 455 .. 
Accordingly, spins inside stent 45'& are excited and the 
m.I visibility inside stent 450 is enhanced. The 
plurality of rings 452 are attached to each other fey 
connectors 456. Illustratively, connectors 456 are made 
of e ial . 

FIG, 78 ' illustrates a portion designated SB. of the 
stent in FIG. 7A. Ring 460 includes a first ring 
portion 4 62 and a second ring portion 464".. Ring portion 
462 has spaced apart ends 466 and 468 and ring portion 
454 has spaced apart ends 470 and 472. Connector 474 
connects end 466 to end 470 while connector 476 
connects end 468 to end 472, Rang portions 462 and 464 

c i 3 along the outer ph 

4 60. Each of the other rings 452 are constructed' 
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Insulating materials within the stents in the 
< - r b vm is polymeric or ceramic 

materials, One such material is ePTFE (expanded 
to, >" -rr . Various e 

and tubes can be rchased fro 

Producfes of Orangeburg, South Carolina; International 
Polymer Ht.g ineer. i.ng of Temps , Arizona; and h.h. Gore & 
" - 'k , of Elkfcon, Maryland. Trie ePTFB 

siai sis at sof i porous ( rej iriobs pore 
sizes of 0.2-3 microns), flexible and exhibit 
■< v t -> r , } r o t N t\' 

Flexible films or fibers can be fabricated into 
connector stent connections and then heated to 372*0 
for approximately 10 minutes. Consequently, the ePTFE 
connections am adhere iu to form stent 

connectors , The- heat treatments can be varied and are 
' N " ! .ed 10°C below the melting or degrading 
t mp-_ra;ure of PTFE. The treatments increase the 
tensile strength of the ePTFE films, cubes or fibers.. 

- - _ v » ^ a - For 

example., stent connectors can be connected by multiple 
i •=& - <- . To -to 1 re It- - The 

11?" „»x -no ,bo be snapped around stent connect >rs 
co make the connections. 

Although the present invention has been described 
with reference to illustrative embodiments,, workers 
_ * _ t irt si recognize that era me t ma\ be 
made e: rorr. , - i-t:o ' >> . eh. rr. -t k eg the 
pirit a :ope of t ■< - 
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WHAT IS CI AI MED IS: 

X, A stent, comprising: 

a generally tubular structure having a plurality 

a coating of insulating material applied to at 
least one of the plurality of electrically 

live ere ^ > such t ha the si L e 
one of the plurality of electrically 
conductive members is spaced apart from at 
least one other of the plurality of 
electrically conductive members by the 
coat ling * 

2, The stent of ' claim 1 wherein the structural 
members comprise; 

a plurality of rings having the coating of 
insulating material disposed thereon and 
spaced about a central a.xis of the generally 
tubular structure, the plurality of rings 
being spaced apart from each other by she 
insulating material. 

3.. The stent of claim 2 wherein each of the 
plurality of rings extend • socially from a first end of 
the stent to a second end of the stent in a spiral 
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4 . The stent of. claim 3 wherein at least, two of 
the rings ineerse le at axs intersection 
point, and wherein at the intersection point, the 

i -h from one c * n_ 1- fe^* I <. N *° " as 

in i »& the suiating - atariaj from the o hex of the 
at least two rings. 

5. The stent of claim 1 wherein the insulating 
.' ; • ; K»ric material. 

6. The stent of claim 1 wherein the insulating 
material is a ceramic material. 

?, The stent of claim 1 wherein the 
electrically conductive structural •members comprise a 
substantially non- ferromagnetic material. 

8. The stent of claim 7 wherein the substantially 
nou- £ erromagnet i c material is at least one of platinum, 
Iridium tanta.1 xivr, titan i an niob L m , baft) i urn m d or id 

3, The stent of claim X, wherein the generally 
tubular structure comprises; 

a radiopaque layer covering the tubular structure, 
the radiopaque layer having gaps forraad 
therein,- and 



disposed in the gaps - ~ e a paqxn 
layer, 

10. The stent of claim 9 wherein the insulating 
material covers the radiopaque layer, 

11. The stent of claim 9 wherein the generally 
tubular structure is forced by a plurality of coil- 
shaped uSTfiers, wherein each coil- shaped member 
includes a gap formed in the radiopaque layer axid the 
coating of insulating material is disposed in. the gap. 

12 . The stent of claim 9 wherein the generally 
tubular structure comprises a ceramic material . 

13 - The stent of claim 1 wherein the generally 
tubular structure is a mesh structure. 

14 . The stexrt ox ciaitn 1 • wherein the generally 
tabular structure is a woven, structure . 

15. A stent having an outer periphery adapted to 
engage a lusaen, a ring comprising: 

a first ring portion disposed about the outer 
periphery and including a first end spaced 
apart from a second end;- 



a second ring portion disposed about the outer 
periphery and including- a first end spaced 
apart from a second end; 

first ring portion; to the first end of the 
second ring portion; and 
a second connector connecting dee second end of 
the first ring portion to the second end of 
the second ring portion, wherein the first 
connector ana the second connector define a 
gap about the. outer periphery;.. 

IS, The stent of claim IS wherein the first and 
second ring portions are made of a substantially non- 
ferromagnetic material . 

■ 17. The stent of claim 15 wherein trie generally 
tubular structure comprises •. 

a plurality of rings, each ring comprising; 

a first ring portion disposed about a 
central axis and including a first end 
and a second end spaced apart from the 
first end; 

a second - 3 aboul the 

central axis and including a first end 
and a second end spaced apart from the 
first end of the second ring portion; 
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a first collector connecting the first end 
of the first ring portion and the first 
end of the 'second ring portion; and 

of the first ring portion and the 
second end of the second ring portion, 
wherein the first ring portion and the 
second ring portion define a gap in an 
axial direction along an outer 
periphery of the ring; and 
a plurality of connectors connecting the plurality 
of rings. 

18. The stent of claim 17 wherein an induced 
current flows in a first direction around the central 

-sails in the first ring portion and in a second 
direction, opposite the first direction., around the 
central axis in the second ring portion in each ring. 

19, A stent comprising: 

a generally tubular structure having a plurality 
of electrically conductive structural 
weavers formed such that magnetic field 
changes in a region immediately proximate 
the generally tubular structure, induced by 
a 3 ssoj itnagin ss, are 

substantially unobstructed by the generally 
tubular structure. 
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20. The scene of claim 19 wherein the generally 
tubular structure comprises a plurality of generally 
coaxial.iy arranged ring connected to one another such 
that current induced in adjacent ring flows in opposite 
directions in tine adjacent ring. 

21. The stent of claim 19 wherein this plurality 
of electrically conductive structural members each have 
an overall conformation rendering the electrically 
conductive structural members electrically 
discontinuous „ 

22. The stent of claim 21 wherein the structural 
members comprise : 

a plurality of rings having an insulating material 
disposed thereon and spaced about a central 
axis of the generally tubular structure; the 
plurality of rings being spaced apart from 
each other by the insulating material. 

2.3 . The stent of claim 22 wherein the insulating 
material is a polymeric material. 

24. The stent of claim 22 wherein the insulating 
materiel! is s oersr.ic material. 

25. The stent of claim 1.9 wherein the 
electrically conductive structural members comprise a 



he s ten r t the 

, m' 1 fall"* Oh - Ls v leas 

one of platinum, iridium, tantalum, titanium, niobium, 
hafnium and gold. 

27. Tile stent of claim 22 wherein each of the 
1 ^ c ~ x 1 axial fro: - 1 r ' i of 

the stent to a second end of the Stent in a spiral 
conformation. 

28. The stent of claim 27 wherein at least two of 
the rings intersect at an angle at an intersection 
point., and wherein at the intersection point, the 
insulating material from one of the at least two rings 

t ■ s frotn the « the 

at least two rings . 

29. The stent of claim 19 wherein the generally 
tubular structure comprises t 

a radiopaque layer covering the tubular structure , 
the radiopaque layer having gaps termed 
therein,- and. 

an Insulating material disposed in cue gaps, of the 
rati rpsqi. : cyer 

in hi 1 i - . i re* 'r 1 ' ^ 

material covers the radiopaque layer. 
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31, The stent of claim 29 wherein the generally 
tubular structure is ;formed by a plurality of. coil- 
shaped members, wherein each coil -shaped meraber 

gap iorsied in the radiopaque layer arid 
insulating materia.], dispos&d in the gap. 

32. The stent of claim 2 3 wherein the generally 
tubular structure comprises a ceramic material. 



•33.. The stent of claim 2 0 wherein the ring 
s t roe teres c o; ap rise: 

a first ring portion including a. first end and a 
second end spaaed apart from the first end; 

a second ring portion including a first end and a 
second end spaced apart from the first end 
pi the second ring portion; 

a first connector connecting the first end- of the 
first ring portion and the first end of the 
second ring portion; and 

a. second connector connecting the second end of 
the first ring portion and the second end of 
the second ring portion, wherein a currant 
flows in a first direction in the first ring 
portion and in a second direction, opposite 
the first direction, in the second ring 
portion, 
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34 . Trie stent of claim 33 wherein the first; ring- 
portion and the second ring portion are positioned 
substantially parallel to each other. 

35. The stent of claim 33 wherein the first and 
second ring portions are made of a substantially non- 
f exroisagne tic material. 

36 . The scent of claim 33 wherein the tirso ring 
portion and the second ring portion define a gap in an 
axis! direct: ion along an outer periphery of the 
generally tabular structure. 

37. The stent of claim 20, wherein tl ^ N > ^ " \ 
tubular structure comprises: 

a plurality -of rings, each ring . coiiipr icing: 

a £ir« ed about a 

central, axis and including a first end 
and a second and spaced apart from the 
first end; 

a second ring portion disposed about the 
1 central axis and including a first end 
ana a second end spaced apart from the 
first and of. the second ring portion; 
a first connector connecting the first end 
of the first ring portion and the first 
I of le sec nd ri p c r. 
a second connector connecting the second end 
of the first ring portion and the 
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second end of the second ring portion, 
wherein the first ring' portion and the 
second ring portion define a gap in an 
axial direction along an outer 
periphery of the ring; and 
a plurality of connectors connecting the plurality 
of rings. 

38. The stent of claim 37 wherein an induced 
current flows in a first direction around the central 
axis in the first ring portion and in a second 
direction, opposite the first direction, around the 
central axis in the second ring portion in each ring. 

39. The stent of c'iaira 37 wherein at least one 
of the gaps in the plurality of rings is spaced 
radially about a circumference of the generally tubular 
structure with respect to oise other gap, 

40. ■ K stent; comprising; 

a ring curved to have a plurality of peaks and 
troughs and disposed about a central axis to 
form a generally tubular structure, wherein 
the ring forms a plurality of rows of 

- -d apart freta 
other in a direction - generally parallel to 
che central axis; and 
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a plurality of connectors, comprises of insula eiag 
material, connecting the rows of the 
' st« 

41. The stent of claim 4 0 wherein hoe ring 
further comprises a first end and a second, end, the 

3 sad and cc t ends en e - ends 
of the spiral , 

42. The stent of claim. 40 wherein the plurality 
of connectors include polymeric material. 

43. The stent of claim 40 wherein the plurality 
of connectors include ceramic material. 

44. The stent of claim 40 wherein the ring 
comprises a substantially non- ferromagnetic material . 

45. The stent of claim 4 4 wherein the 
substantially non- ferromagnetic material is at least 
one of platinum,, iridium, tantalum, titanium,, niobium, 

t a n ; and. s ; i 

46. The stent of claim 4 0 wherein the ring is 
coated wxth an insulating material. 

47. The stent of claim 4 0 wherein she peaks and 
ugh ' y semi -circular ■ 



48. The stent of claim 40 wherein the connectors 
are mads from sPTFE je3Spand©d polytetraf iuoroethylene) . 

4:9, A stent comprising:- 

a generally tubular structure having a. 
plurality of structural r mbers 
extending axial iy from a first end of 
the tubular structure to a second end 
of the tubular structure, wherein at 

electrically conductive material and at 

least one of the plurality of 

structural members comprises an 
insulating material . 

50, The stent of claim 49 wherein at least one. 
of the electrically conductive structural metafeers 
includes & coating of insulating material at least at a 
point of intersection with another electrically 
conductive structural members . 



51, The stent of claim 4 3 wherein at least one 
of the structural members is made completely of a norr- 
me t a 1 1 i c met e r i a 1 , 



52.- The stent of claim. 4 9 and further rru ?i 3 
a connector connecting the at least one electrically 
conductive structural member and the at least one 



structural t E ting materi an 

intersection point . 
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Fig. 2 
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